Abstract: Men viewed in the frequency-angle domain, the backscattering by truncated thick cylindrical shells in water exhibit various ridges of high backscatter.~ese enhancements are associated with leaky waves excited on the shell and can be described in terms of mendiond and helical rays. me enhancements are not present for a rigid scatterer of the same shape and may be important for interpreting high frequency sonar echoes. me results of broadband measurements are reviewed and tone burst measurements, which isolate the meridional ray feature, are presented. me general angular width and amplitude of the meridional ray enhancement are explained by an approximate ray theory.
TRODUCTION
The measured global response of backscattering from a thick finite cylindrical shell immersed in water is displayed in Fig. 1(b) . A discussion of the backscattering features shown here is given in a previous paper'. One important feature previously identified is the ridge of high backscatter curving upwards from y = 60°to 46°between 240 and 400 Wz. This corresponds to a meridional ray end-backscattering enhancement associated with coupling to the generalization of the supersonic a. Lamb wave. Diagramed in Fig. 1(a) , a meridional leaky wave is launched when the tilt angle, y, nears a leaky wave coupling angle, 61 = sin-'(c/cl), where Cf is the phase velocity of the~class of leaky wave propagating in the axial direction and c is the speed of sound in the surrounding fluid, The leaky wave travels along the meridian of the cylinder, reflects off the truncation and subsequently radiates in the backward direction. Marston2 pointed out that the gaussian curvature of this backward directed wavefront vanishes for this mechanism, which correspondingly produces a farfield caustic. This mechanism has also been observed for Rayleigh waves on a solid stainless steel cylinder immersed in wate?. me observed enhancement mechanism may therefore be of importance in high frequency sonar and imaging systems. It is important to point out that for the leaky waves discussed here (e.g. the a. on a thick shell and a Rayleigh wave on a solid steel cylinder) the radiation damping is sufficiently high that multiple lengthwise reflections do not contribute to the backscattering. 
MER~IONAL RAY ENHANCEMENT FOR A SHELL: RAY THEORY AND MEASUREMENTS
A recent extension of the ray analysis of Ref. 2 has enabled an investigation of not only the amplitude of meridional ray enhancements but also their general angular width. Figure 2 shows a comparison of this ray analysis with an approximate partial wave series (PWS) solution' for the cylinder of Fig. I(b) near the observed a. meridional ray enhancement at 400 kHz. Both analyses predict a well defined large amplitude feature in the form function centered about the meridional ray coupling angle. In this case the amplitude is predicted to be 5.72 times that for a rigid sphere of the same radius as the cylinder, provided the leaky wave end-reflection coefficient has unit magnitude. (The leaky wave end-reflection coefficient must be specified in the ray formulation but is necessarily equal to unity in the approximate PWS solution.)
In the ray analysis the center angle, amplitude and angular width of the enhancement are a function of the leaky wave axial wavenumber kp = kl +ia (a <c kf, ti >> 1). The latter of these conditions assures that the cylinder can be modeled as semi-infinite; consequently, multiple lengthwise reflections of the meridional leaky wave are not included. For the cylinder described here the axial wavenumber was calculated for the zeroth order (azimuthal index) antisymmetric (in the thickness sense) mode of an infinite cylindrical shell using the full elastic solution. In nondimensional form the computed value is kPa = 24.43+i 0.56 at ka = 32.34, where a is the radius (19.05 mm) and k=dc.
Recent tone burst experiments by the authors, which isolate the meridional ray enhancement feature in time, have allowed for amplitude measurements as a function of cylinder tilt angle. These measurements yield an enhancement whose maximum value is I~eXPI = 5.68, which is very similar to that shown in 
